Abstract Three crosslinked polymers were prepared via condensation polymerization between triethanolamine and glycerol [(25:75%), (50:50%) and (0:100%) (G:TEA)] with maleic anhydride which produced polymers I, II and III consequently. All the prepared polymers were doped with metal salts (CuCl 2 , NiCl 2 and FeCl 2 ). D.C. conductivity was measured in the temperature range of (298-373 K), the result showed that the electrical conductivity increased several orders of magnitude with increasing temperature, the activation energy decreased with increasing conductivity. A.C. measurement is used to calculate the dielectric constant for the polymers in both pure and doped state.
Introduction
Polymer composites doped with metal are of interest in many fields of engineering. This interest arises from the fact that the electrical characteristics of such composites are close to the properties of metals, whereas the mechanical properties and processing methods are typical for plastics (Mamunya et al., 2002; Singh et al., 2011) . The achievement of metallic properties in such composites depends on many factors, and it is just the possibility of controlling the electrical and physical characteristics which determines a variety of ranges of their application, such as light emitting diodes, chemical sensors, display devices, probes of biological systems and solar-energy conversion (Junfeng et al., 2011; Jingyue and James, 2000; Sung et al., 2009) . Various composite materials have been recently synthesized by starting from different polymers and a wide variety of dopants like metals, oxides, inorganic salts, and other particles (Asogwa et al., 2010; Vandervorst et al., 2003) . The incorporation of the dopants into polar organic polymers can induce pronounced changes in various properties of polymers in order to modify and improve its properties (Ghani and Young, 2010; Mohammed and Gadou, 2000; Abdelaziza, 2011) .
This article discloses the investigation of the effect of transition elements on the electrical properties of the prepared cross linked polyester and study the electrical properties of the polymers in both pure and doped state at temperatures that ranged from 298 to 373 K.
Experimental

Preparation of polymers I, II and III
In a 100 ml round-bottomed flask immersed in sand bath and equipped with a thermometer and magnetic stirrer, a mixture of triethanolamine (TEA) and glycerol (G) was placed. The mixture is stirred for 15 min. and then maleic anhydride (M) was added to the mixture and the temperature was raised gradually to 160°C, and maintained for 3 h. Continued heating at this temperature causes increasing viscosity of the solution until a crystalline polymer was formed. The final product was washed with warm water and methanol or ethanol several times (see Table 1 ).
Solubility
The solubility of the prepared polymers has been examined using different types of solvent like water, methanol, ethanol, dioxane, chloroform, carbon tetra chloride, hexane and benzene and it was found that all polymers are insoluble and stable in all these solvents.
FTIR measurement
Infrared spectra were recorded on a SHIMADZU 8300 Fourier transform infrared spectrophotometer (FTIR) by using the (KBr) in the wave number range of 4000-400 cm À1 .
Doping of polymers
The polymer was doped with metal salts by adding (10% w:w) of the salts in ethanol to the polymer and then left for seven days to allow the salt to diffuse homogeneously. The doped polymers were dried under vacuum over night.
Preparation of the samples
Circular pellet specimens were prepared from the powder of pure and doped polymer samples, under a pressure of 5 ton/ cm 2 for 15 min. The diameter of the pellet was 2.5 cm and their thickness varied from 2.7 to 2.9 mm. All the specimens were pressed at 80°C. A coating unit model (Edwards) has been used for deposition of thin aluminum electrodes on both sides of each sample. The shape of the electrode is circular and the diameter is (1.5 cm), the deposition of aluminum is done under highly reduced pressure. Scheme 1 The suggested structure of polymers I and II.
Electrical measurements
Three electrode cell or (guard ring electrode method) is used to study the effect of the dopant and the temperature on the volume resistivity of the polymer. The electrodes were made of copper metal, and two adjustable screws applied a uniform pressure on the specimens. The resistance was measured by using Keithly 614 digital-solid state electrometer.
The test sample is sandwiched between the electrodes and put in a temperature controlled oven (Hereaus electronic). (The volume conductivity measurements were performed in the temperature range of 298-373 K).
Electrical properties (dielectric constant) have been studied as a function of frequency. All measurements are carried out over a frequency range of 1-5 MHz.
Results and discussion
Polymer synthesis
It is known that the condensation reaction of glycerol with maleic anhydride produces a hard and rigid polymer (Sorenson and Campbel, 1968) . On the other hand, we found that the condensation of triethanolamine and glycerol with maleic anhydride produces less hard and rigid polymers I, II while the condensation of triethanolamine with maleic anhydride produces polymer III which tends to be elastic, as in the chemical reaction in Scheme 1 for polymers I and II, and Scheme 2 for polymer III.
Despite the synthesis of the polymers I, II and III being the same, we believe that polymer III contains more nitrogen atoms which may play a significant role in the electrical conduction.
Polymer characterization
All the prepared polymers are characterized by difficult solubility in most solvents, and because of the high degree of cross linking which prevents the rotation of the bonds and consequently the molecule has a high energy barrier to solvation process and for this reason we cannot determine the molecular weight and the degree of polymerization.
However, the polymers I, II and III were identified by FTIR spectrum. The FTIR spectrum of polymers I and II showed the appearance of the characteristic absorption bands at 1732 cm À1 due to the stretching vibration of the C‚O of the forming ester. A band at 1161 cm À1 was due to the C-O Scheme 2 The suggested structure of polymer III.
Study the electrical conductivity of crosslinked polyester doped with different metal saltsstretching of ester and appearance of C-N band at 1296 cm À1 , a band of C‚C appears at 1639 cm À1 and also a band at 2943 cm À1 due to C-H aliphatic. Also, the FTIR spectrum of polymer III showed the appearance of a band at 1732 cm À1 due to v(C‚O) of ester. A band at 1161 cm À1 was due to the C-O stretching of ester and appearance of C-N band at 1288 cm À1 , a band of C‚C appears at 1639 cm À1 and also a band at 2943 cm À1 due to C-H aliphatic.
Electrical conductivity
It is known that the conductivity of traditional semiconductors like silicone and germanium increased with increasing temperature and that was because of the increasing charge carriers in the conduction band. On the other hand, research has proved that the conductivity in polymers, generally, depends on the temperature in the same way as to semiconductors. However, Figs. 1-3 indicate the relation between the temperature and their effect on conductivity of the polymers I, II and III in both pure and doped state, the achieved experiments showed that there was an obvious decrease in polymer resistance (i.e., increasing conductivities) with increasing temperature in a behavior similar to that of semiconductors (Munn et al., 1997) Looking at the prepared polymers and their structure, we notice that all polymers contains nitrogen and oxygen atoms in different percents, the presence of these atoms in the polymer chains enhance the interaction between the polymer and the dopants and consequently enhance the conductivity of the polymer .
The expected effect of the presence of a high percent of nitrogen and oxygen to increase the conductivity was enhanced after measuring the conductivity of the polymers in the pure state, polymer III showed higher conductivity than polymers II and I due to high percent content of nitrogen atoms.
This effect in the doped state is not like in the pure state, in the doped state the response of the polymer to temperature is less for polymer III comparing with polymers I and II and that was because the segmental motion of the chains is lower than the other polymers and also the length of the chains in polymers I and II is greater than polymer III. As reported by Xi and Tang (2005) the increase in the length of the chains and their motions could increase the conductivity of the polymer. The different changes in the electrical conductivity property of the polymers after being doped by different ionic dopants lead to thought of the presence of a special interaction of type metal-polymer playing an important role in making these changes (Seiblles, 1990; Michinobu, 2011) . Their efficiency depends on the ionization potential of the polymer and the electron affinity of the dopants (Jensen, 1980) and we usually use standard reduction potential as a good way to measure the electron affinity (MacDiarmid et al., 1985) , the results showed that polymers doped with CuCl 2 have the highest conductivity than other dopants. Also the activation energy is calculated for the pure and doped polymers using slop method (see Table 2 ).
The relationship between conductivity and activation energy is inversely proportional to each other (as the activation increases the conductivity decreases). Polymer II showed good electrical and stability properties.
Dielectric constant () is also calculated. The variation of dielectric constant () as a function of frequency for the polymers in pure and doped state samples in the case of polar dielectric is shown in Figs. 4-6 . One could notice that decreases with increase in frequency, verifying the fact that for polar material, the initial value of is high but as the frequency of the A.C. field is increased, the value of is decreased (Zawodzinski et al., 1991) , the result characteristic of most dielectric materials as reported in the literature (Yoshino et al., 1984) .
Conclusion
The synthesis of new electrically conducting polymers with different chemical structures provides an efficient method for the introduction of new materials with different electrical conductivities ranging from the semi-conducting to the conducting region. Furthermore, knowledge of the electrical behavior of a great member of polymers with various chemical structures enables us to understand the relationship between the electrical behavior and chemical structure, which form the basis for the invention of new polymers with improved properties. The electrical conductivity is enhanced with addition of metal salts and with increasing temperature, activation energy decrease with increasing temperature, the behavior of dielectric constant is like polar materials in which the dielectric constant decreases with increasing frequency. 
